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We present the use of Pronase digestion and in-source decay in the presence of ammonium
sulfate as complementary techniques to confirm the amino acid sequence of a peptide.
Pronase, a commercial preparation from Steptomyces griseus, is a combination of proteolytic
enzymes. It produces carboxypeptidase and aminopeptidase ladders using a single Pronase
digestion and represents an inexpensive, nonspecific, and fast supplement to traditional
sequencing enzymes. However, N-terminal peptidase activity appears dependent on the
terminal amino acid residue. We also introduce the use of saturated ammonium sulfate as an
“on-slide” sample additive to promote in-source fragmentation of peptides. Use of saturated
ammonium sulfate resulted in a simple way to increase peptide backbone fragmentation and
essentially produced either a cn or yn ion series. Together these techniques provide useful
supplements to existing methods for peptide sequence information. (J Am Soc Mass
Spectrom 2000, 11, 1000–1008) © 2000 American Society for Mass Spectrometry
Matrix-assisted laser desorption/ionizationtime-of-flight mass spectrometry (MALDI-TOF MS) has become an important tool in the
analysis of peptides and proteins. It is characterized by
large mass range [1], high sensitivity [2], tolerance to
salts and buffers [3], simplicity, and speed of analysis.
Mass spectrometric methods for peptide sequencing are
generally based on either ladder formation or fragmen-
tation. In the peptide ladder approach, single amino
acid residues are sequentially removed from either the
carboxy or amino termini. The resulting peptide mix-
ture is then analyzed by mass spectrometry. Ladders
may be produced by exopeptidase digests [4, 5], Edman
degradation reagents [6–8], or chemical hydrolysis
[9–12]. Alternatively, sequence information can also be
obtained by employing site-specific endopeptidases
such as trypsin and chymotrypsin. The applicability of
enzymatic digestions in conjunction with laser-desorp-
tion mass spectrometry to produce primary amino acid
sequence information has previously been demon-
strated [13, 14]. Time course digestions with car-
boxypeptidases or aminopeptidases in an “on-slide”
format provides simple integration with MALDI-TOF
[15–18]. In the on-slide method, structurally informative
peptide fragments are produced prior to sample inser-
tion.
MALDI-TOF MS can also generate peptide fragmen-
tation information directly. This is accomplished by
metastable decay in the ionization source [in-source
decay (ISD)] [19] or field-free drift region [post-source
decay (PSD)] of a time-of-flight mass spectrometer
[20–23]. In the latter case, extensive fragmentation is
possible producing multiple peptide cleavages. Al-
though potentially informative, these cleavages may
complicate the spectrum and cause interpretation diffi-
culties. Recently, Brown and Lennon [19, 24] utilized
delayed pulsed ion extraction to observe metastable
decay occurring in the ion source. This time delay
between ionization and extraction provides the neces-
sary time period for fragmentation to occur (several
hundred nanoseconds) while also producing an ion
focusing effect for improved resolution. Brown and
Lennon observed fragmentation along the peptide
backbone with a preference for cn and to a lesser degree
yn and zn fragment ions. This method has been shown
to be useful for determining continuous segments of
peptides [25, 26]. Moreover, it has been reported that
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the presence of salt in a sample increases the relative
intensity of cn ions in ISD experiments [27].
In this paper we present the use of Pronase as an
inexpensive, nonspecific, and fast supplement to tradi-
tional sequencing enzymes. Pronase, a commercial
preparation from Steptomyces griseus, is a combination
of proteolytic enzymes containing endopeptidases,
aminopeptidases, and carboxypeptidases [28, 29]. Al-
though several of the proteolytic enzymes contained in
Pronase hydrolyze amino acids sequentially, it has
traditionally been utilized to remove the protein por-
tion of glycoproteins in order to study its carbohydrate
components [30, 31]. We also introduce the use of
saturated ammonium sulfate as an on-slide sample
additive to promote in-source fragmentation of pep-
tides. Together these techniques can provide useful
supplements to existing methods for peptide sequence
information.
Experimental
Chemicals
Adrenocorticotropic hormone (ACTH) fragment 18-39,
bradykinin, and a-cyano-4-hydroxy-cinnamic acid (a-
CHCA) were purchased from Sigma (St. Louis, MO).
The haemochromatosis peptide was provided by Dr.
Michael Chorney (Hershey Medical Center, University
of Pennsylvania). This peptide was extracted from a
myeloma cell line (NSO-Ob) and purified by reverse-
phase-high-performance liquid chromatography (RP-
HPLC). The Salmonella peptide was provided by Dr.
Mark Soloski (Johns Hopkins University School of
Medicine, Baltimore, MD). This peptide was isolated
from Salmonella-infected cells (presented by Qa-1) and
separated by RP-HPLC. Pronase was obtained from
Boehringer Mannheim (Indianapolis, IN). Ammonium
citrate (tribasic), ammonium bicarbonate, and ammo-
nium sulfate were acquired from Aldrich (Milwaukee,
WI.).
Digestions
Pronase digestions were performed by combining 2 mL
of Pronase (0.06 mg/mL), 2 mL of peptide solution (100
pmol/mL or 10 pmol/mL), and 2 mL of buffer solution.
0.3 mL of the above reaction mixture was applied to the
sample plate followed by 0.3 mL of the saturated
a-CHCA matrix solution [1:1 (v/v) ethanol:water]. The
matrix was added in timed increments (0.5, 1.0, 3.0, 5.0,
and 10.0 min) and served to quench the enzymatic
digestion. The mixture was allowed to air dry (;10
min) prior to introduction into the mass spectrometer.
In-Source Decay
For ISD experiments, 0.3 mL of peptide solution (100
pmol/mL or 10 pmol/mL), 0.3 mL of a saturated ammo-
nium sulfate solution, and 0.3 mL of the saturated
a-CHCA solution [1:1 (v/v) ethanol:water] were added
sequentially onto the metal sample probe and allowed
to air dry. Delayed extraction time was optimized for
the peptide’s molecular ion.
Mass Spectrometry
Mass spectra were acquired on a Kratos Kompact
MALDI 4 (Manchester, England) time-of-flight mass
spectrometer equipped with a N2 laser (337 nm). A 20
kV extraction voltage and time delayed extraction were
used. The instrument was operated in the linear mode.
Each spectrum was the average of 50 laser shots.
Results and Discussion
The feasibility of using Pronase as the sole enzyme for
producing peptide ladders was investigated. Initial
experiments considered factors such as enzyme concen-
tration, pH, and incubation time. Adrenocorticotropic
hormone (ACTH) fragment 18-39 was the first model
system examined. Table 1 presents a list of expected
carboxypeptidase and aminopeptidase ladder ions for
ACTH fragment 18-39. The presence of these ions
indicates the activity, extent, and selectivity of the
digest. Figure 1 depicts the full scan mass spectra of the
Pronase digest utilizing a 25 mM ammonium bicarbon-
ate buffer at pH 8 stopped after (a) 0.5 min, (b) 1 min,
and (c) 3 min by the addition of acidic matrix. Signifi-
cant carboxypeptidase activity was observed after 0.5
min (Figure 1a), and within 1 min (Figure 1b), the ion
corresponding to the intact peptide at m/z 2467 and the
ion at m/z 2319 had essentially disappeared. Within 3
min (Figure 1c) the digestion produced almost exclu-
sively low-mass sequence ions such as m/z 500 (RPVK).
In this case, 0.06 mg of Pronase was sufficient to produce
a peptide ladder indicative of carboxypeptidase activity
within 0.5 min. Aminopeptidase activity by Pronase
was not observed for ACTH fragment 18-39. Similarly,
when digested with Leucine Aminopeptidase (Sigma,
St. Louis, MO), no sequence information was obtained
(data not shown). This implies that the N-terminal
residue (arginine) is not ammenable to hydrolysis and
prevents aminopeptidase activity. Previously, arginines
have been shown to stop enzymatic hydrolysis [32].
The effect of changing to a more acidic pH was also
investigated. An ammonium citrate buffer pH 4 re-
sulted in a substantial carboxypeptidase ladder (Figure
2). Within 1 min, the digestion was complete. Similar
carboxypeptidase activity was also obtained with an
ammonium sulfate buffer at pH 3. These spectra indi-
cate that carboxypeptidase activity of Pronase is effi-
cient in the pH range of 3 to 8 in less than 1 min.
However, at more extreme pH values (pH 2 and 10),
results were less informative. The intact peptide ion
dominated the spectra with little observed peptidase
activity.
ISD of the ACTH fragment 18-39 also provided a
significant amount of peptide sequence information.
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Saturated ammonium sulfate solution was pipetted on
top of the peptide sample prior to matrix addition. This
sample additive caused the signal-to-noise ratio to
decrease; however, it was also observed that addition of
ammonium sulfate increased the amount of peptide
backbone fragmentation. In the following spectra, frag-
ment ions are named according to the nomenclature
developed by Biemann [33]. The ISD spectrum of
Table 1. Amino and carboxy-peptidase ladders of ACTH Fragment 18-39.
Figure 1. Positive ion MALDI-TOF MS of ACTH fragment 18-39 (RPVKVYPNGAEDESAEAFPLEF)
digested with Pronase after (a) 0.5 min, (b) 1.0 min, and (c) 3 min. 10 pmol of substrate and 0.06 mg
Pronase were deposited on each spot using a 25 mM ammonium bicarbonate buffer pH 8.
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ACTH 18-39, Figure 3, exhibits ions consistent with cn
and an fragments dominating the spectrum. A blowup
of the region m/z 800 to 1000 is shown as the Figure 3
inset and displays other sequence informative frag-
ments (bn, dn, xn, zn). Although these fragments are
almost at noise level, they may be helpful in confirming
the identification of the peptide’s primary structure. In
Figure 4, we compared the in-source fragmentation of
the same peptide (ACTH fragment 18-39) in the absence
(4a) and presence of ammonium sulfate (4b). Both
spectra (4a and 4b) present an intense cn ion series in the
high-mass range. However, when compared in the
lower mass range, spectrum 4b (addition of ammonium
sulfate) exhibits more backbone fragmentation.
This additional peptide fragmentation may result
from the high concentration of sulfate ions in the
solution. Sulfate ions are small anions of high charge
density. At large concentrations, these ions induce
protein folding by strengthening hydrophobic interac-
tions similar to that observed in conventional salting
out [34]. Dennison and Lovrien [35] showed that elec-
trostatic forces and the tendency for salt ions to bind
and tighten protein molecules lead to conformational
changes. The sulfate anion is densely hydrated, thus
increasing its effective size and leading to a tendency to
crowd and exclude proteins. This could possibly re-
move the protective coat of water molecules around the
peptide, thus allowing more peptide to desorb off the
probe surface and fragment in the source [17].
To determine the compatibility of Pronase for the
digestion of other peptide sequences, a second model
system was investigated. Bradykinin (KPPGFSPFR) was
the peptide selected. Several peaks indicative of car-
boxypeptidase activity were observed upon digestion
with Pronase (Figure 5). These ions, observed at m/z
878, 730, and 399, correspond to the loss of R, RF, and
RFPS, respectively. In the same spectrum, aminopepti-
dase ions at m/z 905, 654, 507, 419, 323, and 175
representing the loss of K, KPPG, KPPGF, KPPGFS,
KPPGFSP, and KPPGFSPF, respectively, were also de-
tected. The presence of aminopeptidase activity in this
sample implies that the N-terminus of bradykinin is
amenable to hydrolysis. Thus, the Pronase digest of
bradykinin revealed both N- and C-terminal informa-
tion in the same reaction mixture. The ISD spectrum of
bradykinin exhibits a simple yn ion series (Figure 6).
Noticeably absent from the ISD spectrum is the y5
fragment at m/z 654. However, by combining both the
enzymatic and fragmentation information from both
spectra, one can gain complete sequence information
for the peptide.
Enzymatic digestion and in-source fragmentation
were also applied to two peptides with immunological
significance. The first peptide was isolated from the
receptor expressed by the MHC-class I-like gene,
HLA-H. It is suspected that this peptide is an important
ligand involved in the disease, haemochromatosis [36].
Haemochromatosis is an inherited autosomal recessive
disorder of iron metabolism. Homozygous individuals
possessing a mutation in the HLA-H gene absorb ex-
Figure 2. Positive ion MALDI-TOF MS of ACTH fragment 18-39 digested with Pronase after 0.5 min.
Same digestion conditions as Figure 1 except using a 25 mM ammonium citrate buffer pH 4.
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Figure 3. ISD MALDI-TOF MS spectrum of ACTH fragment 18-39 using saturated ammonium
sulfate. The inset shows a blowup of the ISD spectrum in the region of m/z 800 to 1000.
Figure 4. ISD MALDI-TOF MS spectrum of ACTH fragment 18-39 with the addition of (a) water and
(b) saturated ammonium sulfate solution.
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cessive amounts of dietary iron beginning at birth
leading to later health complications. The peptide was
concurrently sequenced using aminopeptidase and car-
boxypeptidase digests and analyzed by MALDI-TOF
MS [37]. The aminopeptidase digest ladder revealed the
residues LQTAVLQGRLL, whereas the carboxypepti-
dase digest ladder furnished the residues RLLRSHS.
Combining this information revealed the sequence of
the peptide to be LQTAVLQGRLLRSHS. Pronase diges-
tion of the HLA-H peptide resulted in a combination of
both aminopeptidase and carboxypeptidase sequence
ladders. Figure 7 displays the mass spectrum of these
ladder fragments. Peaks at m/z 1439 (-LQ), m/z 1267
(-LQTA), m/z 1055 (-LQTAVL), m/z 927 (-LQTAVLQ),
and m/z 487 (-LQTAVLQGRLL) represent aminopepti-
dase activity. In addition, carboxypeptidase fragments
are seen at m/z 1369 (-SHS), m/z 1213 (-SHSR), m/z 987
(-SHSRLL), m/z 645 (-SHSRLLRGQ), and m/z 532
(-SHSRLLRGQL). These sequence ladders contain over-
lapping regions and are sufficient for sequence confir-
mation in a single experiment. It should be noted that
the presence of both sequence ladders (N- and C-
termini) formed in a single Pronase digest may compli-
cate the peptide sequencing of an unknown peptide.
However, as in the above case, Pronase digestion was
useful for supplementing other digest information.
Fragmentation of the peptide was also helpful for
sequence information that, when coupled with the
digest results, reveals the peptide sequence. The ISD
spectrum of the HLA-H peptide, shown in Figure 8,
exhibits a significant yn ion series.
Peptide sequence information was also obtained on a
peptide with suspected involvement in bacterial infec-
tion-induced autoimmune recognition [38]. The pep-
tide, GMQFDRGYL, was isolated from Salmonella-in-
fected cells. To determine the sequence of this epitope,
aminopeptidase and carboxypeptidase peptide ladders
were generated and analyzed by MALDI-TOF MS [38].
In addition, trypsin and Pronase digests (data not
shown) and ammonium sulfate ISD (Figure 9) were
performed. The Pronase digest produced both amino-
peptidase and carboxypeptidase ladders. These tech-
niques provided consistent and confirming sequence
information.
Pronase can be used to sequentially remove single
amino acid residues from either the carboxy terminus,
the amino terminus, or both with the resulting peptide
mixture analyzed by MALDI-TOF MS. This technique
offers similar advantages to other on-slide exopeptidase
digests [14, 15], such as speed and ease, yet is compa-
rably inexpensive. Pronase exhibited carboxypeptidase
activity in each sample while aminopeptidase activity
appeared dependent on the N–terminal residue. The
appearance of both exopeptidase activities in one reac-
Figure 5. Positive ion MALDI-TOF MS of bradykinin (KPPGFSPFR) digested with Pronase for 3 min
using a 25 mM ammonium sulfate buffer at pH 3.
1005J Am Soc Mass Spectrom 2000, 11, 1000–1008 PEPTIDE SEQUENCE BY IN-SOURCE DECAY MALDI
Figure 6. ISD MALDI-TOF spectrum of bradykinin (KPPGFSPFR) using saturated ammonium
sulfate.
Figure 7. Positive ion MALDI-TOF MS of the HFE fragment (LQTAVLQGRLLRSHS) digested with
Pronase for 0.5 min using a 25 mM ammonium citrate buffer at pH 4.
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Figure 8. ISD MALDI-TOF spectrum of the HFE fragment (LQTAVLQGRLLRSHS) using saturated
ammonium sulfate.
Figure 9. ISD MALDI-TOF spectrum of Salmonella peptide (GMQFDRGYL) using saturated ammo-
nium sulfate.
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tion can be a fast, simple method for peptide confirma-
tion, yet may cause confusion if used alone for an
unknown peptide. As a result, the use of ammonium
sulfate as an additive for ISD experiments provides
complementary fragmentation information to the Pro-
nase digestions.
Conclusion
Pronase digestion and ISD in the presence of ammo-
nium sulfate present novel, rapid, and easy techniques
to confirm the amino acid sequence of a peptide.
Sequence information for several peptides is presented
as evidence that carboxypeptidase and aminopeptidase
ladders can be obtained using a single Pronase diges-
tion. However, as in the case of ACTH fragment 18-39,
N-terminal peptidase activity appears dependent on the
terminal amino acid residue. Use of saturated ammo-
nium sulfate solution as an on-slide sample additive for
ISD experiments provided a simple way to increase
peptide backbone fragmentation. This fragmentation
resulted primarily in a simple cn or yn ion series.
Together these techniques contribute important com-
plementary sequence information of a peptide’s pri-
mary amino acid structure.
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